Objectives-To assess interobserver reproducibility in detecting tubal ectopic pregnancies by reading data sets from 3-dimensional (3D) transvaginal ultrasonography (TVUS) and comparing it with real-time 2-dimensional (2D) TVUS.
T he introduction of transvaginal ultrasonography (TVUS), highly sensitive serum human chorionic gonadotropin (hCG) assays, and "walk-in" early pregnancy units in modern gynecologic practice has facilitated the diagnosis of ectopic pregnancies earlier, potentially reducing complications and mortality. [1] [2] [3] As a consequence, an increase in the classification of pregnancies of unknown location on ultrasonography (US) is becoming increasingly common. 4 Pregnancy of unknown location is defined as a clinical situation in which there are no signs of intrauterine or extrauterine pregnancy on TVUS despite a positive hCG test result. 5 The diagnostic accuracy of 2-dimensional (2D) TVUS for ectopic pregnancy has been well established. In unselected women attending an early pregnancy unit, the pregnancy location can be diagnosed accurately in greater than 90% of all pregnancies, and approximately three-quarters of all ectopic pregnancies are diagnosed at the first TVUS examination. 6 Typically, 2D TVUS will show a tubal ectopic pregnancy (which accounts for 95% of all ectopic pregnancies) as the presence of an adnexal mass that is clearly not a part of the ipsilateral ovary or part of the uterus. This adnexal mass either can appear as an inhomogeneous mass (also known as a "blob" sign) or can contain an empty gestational sac ("bagel" sign) or a gestational sac with a yolk sac or an embryonic pole with a measurable crown-rump length, with or without positive cardiac activity. 7 Threedimensional (3D) US has been available for some time now and may arguably lead to improved diagnostic accuracy, as it is less operator-dependent than 2D US. 8, 9 The clinical validation of 3D US in general and in gynecology in particular is yet to be proven. Although the first report on the use of 3D US for early pregnancy complications was published more than 20 years ago, 10 such a modality was not explored very much except for the use of 3D US in interstitial and caesarean scar pregnancies. 11, 12 The primary aim of this study was to assess interobserver reproducibility in detecting tubal ectopic pregnancies by reading offline 3D TVUS data sets and comparing it with real-time 2D TVUS. The secondary aim of this study was to assess the performance of all of the observers in predicting ectopic pregnancy.
Materials and Methods

Study Design
This work was a prospective cohort study conducted at Nepean Hospital between October 2008 and October 2009. The study had ethics approval from the Human Research Ethics Committee, Sydney West Area Health Service, Nepean Campus. This clinic received referrals from general practitioners or the emergency department, or women self-presented. Indications for presentation included lower abdominal pain, with or without vaginal bleeding, a poor obstetric history, or determination of the pregnancy location and viability.
Participants and Real-Time US Scans
The inclusion criterion was pregnant women with no evidence of intrauterine pregnancy during the first TVUS. Exclusion criteria were evidence of intrauterine pregnancy during the first TVUS and women with previous TVUS after a positive pregnancy test result. Women who did not have completed follow-up until the final diagnosis were also excluded.
Women with no evidence of intrauterine pregnancy at the primary TVUS were classified as having pregnancy of unknown location or ectopic pregnancy on real-time 2D TVUS by a sonologist with greater than 10 years of experience (G.C.). A US classification of pregnancy of unknown location was made if there was no evidence intrauterine or extrauterine pregnancy during the TVUS. The diagnosis of an ectopic pregnancy by US was based on 1 of the following grayscale morphologic appearances: (1) an inhomogeneous mass, or blob sign, adjacent to the ovary and moving separately from it; (2) a mass with a hyperechoic ring around the gestational sac, or bagel sign; (3) a gestational sac with an embryonic pole with cardiac activity (ie, a viable extrauterine pregnancy); and (4) a gestational sac with an embryonic pole without cardiac activity (ie, a nonviable extrauterine pregnancy). 13 
Follow-up
Women with a pregnancy of unknown location were followed until the final clinical outcome was determined: (1) failed pregnancy of unknown location; (2) intrauterine pregnancy; (3) ectopic pregnancy; or (4) persistent pregnancy of unknown location, confirmed on follow-up serum hCG tests, subsequent US scans, or both. Women initially classified as having a pregnancy of unknown location with subsequent ectopic pregnancy were treated similarly as those with a diagnosis of ectopic pregnancy at the first scan, and women with a persistent pregnancy of unknown location were likewise treated with methotrexate.
Women with an ectopic pregnancy at the initial TVUS were treated expectantly, medically, or surgically depending on their clinical state, the presence or absence of embryonic cardiac activity, the presence or absence of hemoperitoneum in the pouch of Douglas, and an hCG ratio defined as hCG 48 h/hCG 0 h. Women underwent surgery if they were hemodynamically unstable, presented with severe lower abdominal pain with or without bleeding, or had the finding of a live embryo or substantial hemoperitoneum on TVUS. Substantial hemoperitoneum on TVUS was assessed in a semiquantitative way according to the level of blood reached relative to the uterine fundus on a midsagittal plane. If this level exceeded the uterine fundus, it correlated with at least 300 mL of hemoperitoneum. 13 Women who were clinically stable and did not have substantial hemoperitoneum on TVUS were eligible for a nonsurgical intervention and therefore had peripheral blood taken to measure the levels of serum hCG (World Health Organization third international reference, 75/ 537 mIU/mL) using automated electrochemiluminescence immunoassays at 0 hours and 48 hours later. If the hCG ratio was greater than 1.0 (ie, the serum hCG levels were increased at 48 h), then these women were selected for an intramuscular methotrexate injection (50 mg/m 2 . If the hCG ratio was less than 1.0 (ie, the serum hCG levels were decreased at 48 hours), then these women were selected for expectant management with weekly measurements of serum hCG until levels fell to less than 5 IU/L.
Three-Dimensional US Acquisition
All of the US scans were performed with a V20 US machine equipped with a 4-8-MHz transvaginal transducer (Samsung Medison Co, Ltd, Seoul, Korea). For each case, the same sonologist (G.C.) acquired five 3D volumetric data sets with an acquisition field of 908 at the primary TVUS. The first volume acquired was of the uterus in the midsagittal plane and in gray scale only.
The second and third volume acquisitions were of the right adnexal region, both in gray scale and power Doppler. The right ovary was viewed in the longitudinal plane, and the 3D volume was acquired. The volume acquired was 458 on either side of the right ovary to include the right pelvic side wall laterally (as landmarked by the right internal iliac vessels) and the uterus medially (as landmarked by the right interstitium of the uterus). The fourth and fifth volume acquisitions were of the left adnexal region, both in gray scale and power Doppler, using the same technique as the one used for the right adnexa. These 3D data sets were stored in SonoView Pro software (Samsung Medison) for subsequent offline analysis.
Three-Dimensional US Analysis
Five observers with different levels of experience analyzed the 5 data sets of each participant that were included in a CD-ROM. The characteristics and level of experience of these observers are described in Table 1 . These observers were blinded to result of the initial realtime US scan, to clinical data, and to each other's results.
The observers were asked to assess the five 3D data-sets using SonoView Pro. The observers were asked to make an offline assessment of all the volume slices in the multiplanar view and classify each case as pregnancy of unknown location or ectopic pregnancy, probable pregnancy of unknown location, probable ectopic pregnancy, or not possible to evaluate.
Statistical Methods
The justification for the 3D volumetric data set sample size was as follows: According to Gwet, 14-16 assuming participants agree 70% of the time, a sample size of 51 17 The software package used for this analysis was R version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
During the period, a total of 822 consecutive pregnant women presented at the unit for their initial US examinations. The observer performing the reference standard US scans (G.C.) acquired 3D and 2D data sets from 75 nonevident intrauterine pregnancies (9.12%). However, 14 data sets were excluded from the analysis because of incomplete follow-up. Therefore, data from 61 women (7.42%) with no evidence of intrauterine pregnancy were included in the analysis.
During the first scan by G.C., 41 cases (67.21%) were classified as pregnancy of unknown location and 20 (32.79%) as ectopic pregnancy. Among the group of pregnancies of unknown location, the final outcomes were 31 of 41 (75.61%) with failed pregnancy of unknown location, 8 of 41 (19.51%) with intrauterine pregnancy, and 2 of 41 (4.88%) with persistent pregnancy of unknown location. There were no ectopic pregnancies in the final outcomes of the pregnancy of unknown location group. In the group of ectopic pregnancies, 20 of 20 (100%) were finally categorized as ectopic pregnancies (11 treated with expectant management, 4 with methotrexate, and 5 with surgery).
The agreement between reading 3D data sets and the first real-time US was overall very good (80%-92% j 5 0.89; Table 2 ), but it varied depending on the experience of the observer (Tables 1 and 3 ). The overall interobserver agreement among observers reading 3D data-sets was 80.0% (expected agreement was 58.7%), resulting in a Fleiss j of 0.52 and Krippendorff a of 0.52 (moderate interobserver agreement). The diagnostic performance of the first real-time 2D and 3D scans compared to the final outcome for predicting ectopic pregnancy in the evaluation of nonevident intrauterine pregnancies by the main investigator (G.C.) was excellent (accuracy, 94.5%; sensitivity, 94.4%; specificity, 94.5%; PPV, 85.0%; and NPV, 98.1%). The diagnostic performance of the 4 most experienced observers reading 3D data sets compared to the initial evaluation by the main observer had accuracy of 78.3% to 85.0%, sensitivity of 66.7% to 81.3%, specificity of 79.5% to 88.4%, PPV of 57.1% to 72.2% and NPV of 87.5% to 91.3% (Table 3 ). The results of observer 2, who was the least experienced operator, are also shown in Table 3 .
Discussion
This study showed excellent diagnostic performance of the first real-time 2D and 3D scans compared to the final outcome for predicting ectopic pregnancy in the evaluation of nonevident intrauterine pregnancy by the main investigator (G.C.; [accuracy, 94.5%; sensitivity, 94.4%; specificity, 94.5%; PPV, 85.0%; and NPV, 98%]). Likewise, the diagnostic performance of reading 3D data sets by 5 different observers was also Table 4 ). However, the outcome varied depending on the skills of the observer individually. In our population, there was wide heterogeneity in terms of experience and qualifications among the observers (Table 1) . Poor-to-moderate interobserver agreement among the examiners may be a reflection of the evaluators' heterogeneity ( Table 2 ). The discrepancy among the main investigator (who did the initial real-time evaluation) and the 5 secondary observers may be explained by the real-time pelvic US evaluation technique itself. Tenderness to the transducer, as manifested by the patient, can guide the examiner toward an ectopic pregnancy. Real-time analysis also helps discriminate whether structures are independent of each other. Offline analysis, unlike real-time TVUS, does not allow a dynamic evaluation of the pelvic structures, and one cannot determine whether structures can slide across each other by using this technology. 17, 18 Reports from specialized early pregnancy units have described lower pregnancy of unknown location rates of 8% to 10%, 19, 20 and accordingly, the pregnancy of unknown location rate in our study population was 9.12%. Likewise, evidence also shows that 6% to at most 20% of women with a pregnancy of unknown location have an ectopic pregnancy. Between 30% and 47% of pregnancies of unknown location are diagnosed with an ongoing intrauterine pregnancy, with most (50%-70%) pregnancies of unknown location found to be failing pregnancies where the location is never confirmed. 21 In our population, the incidence of subsequent failed pregnancy of unknown location was higher (75.61%), whereas the incidence of subsequent intrauterine pregnancy was lower (19.51%). The incidence of ectopic pregnancy in the pregnancy of unknown location group was 0% at the final diagnosis. The discrepancy of failed pregnancy of unknown location, intrauterine pregnancy, and ectopic pregnancy rates among pregnancies of unknown location in our population compared to what is described in the literature may be explained by the fact that this study was conducted in a specialized US unit. As a result, it would be more likely to correctly classify both ectopic pregnancy and intrauterine pregnancy during the first real-time scan.
We acknowledge potential limitations of this study. The small sample size (61 patients) and the fact that this study was conducted in a specialized unit may have biased the results; therefore, they may not be extrapolated to a standard population.
In conclusion, our data suggest that the diagnostic accuracy of 3D TVUS by reading data sets is dependent on the observer's experience. Reading only static 3D data sets without clinical information does not match the diagnostic performance of real-time 2D TVUS combined with clinical information obtained during the scan. Future studies are necessary to evaluate whether adding 4-dimensional data sets while applying pressure to the adnexal regions and uterus and also adding information obtained during the scan (eg, pain during the scan) is able to increase the diagnostic accuracy of offline analysis.
